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EXECUTIVE SUMMARY

PURPOSE and INTRODUCTION (Chapter 1)

Introduction. The National Marine Fisheries Service (NOAA Fisheries) is responsible for
protecting, managing, and conserving marine, estuarine, and anadromous fish resources and their
habitats under various legal authorities (Appendix 1). A guidance document specific to the NOAA
Fisheries Southwest Region (SWR) for instream sediment removal is appropriate, because such
actions have the potential to adversely affect all life stages of listed salmonids and because sediment
removal actions are widespread in California streams.

The scientific literature documents that instream gravel mining operations and salmonids are often
attracted to the same locations. The effects of instream gravel mining and channel maintenance have
been widely recognized as potential impacts to aquatic resources. At least 13 states and 8 foreign
countries have implemented restrictions or prohibitions on commercial sediment excavation from
fish-bearing streams. Oregon and Washington have reallocated their aggregate resource production
from streams to predominantly floodplains and geologic deposits. Aggregate production in
California is focused primarily on streams. The annual aggregate extraction in California is
estimated to exceed natural replenishment by an order of magnitude. In California the demand for
high-quality aggregate materials is high because of a rapidly growing population, expanding
industry, and the geologic nature of the most populous areas. NOAA Fisheries anticipates that
pressures for stream-derived aggregates will continue to increase in the SWR. This convergence
of geology and accelerating market demand has significant implications for the conservation and
recovery of the freshwater habitats entrusted to NOAA Fisheries.

Purpose and Use of these Guidelines. The 1996 National Marine Fisheries Service
National Gravel Extraction Policy aims to avoid the take of listed salmonids by, for example,
disallowing sediment extraction “within, upstream, or downstream of anadromous fish spawning
grounds.” The purpose of these NOAA Fisheries-SWR Sediment Removal Guidelines is to present
thorough scientific information that may be used to conduct effects analyses of proposed actions that
would remove sediment from streams, either for commercial sediment production or flood control
channel excavation. This information will help staff to identify adverse effects of sediment removal
actions and provide reasonable and prudent alternative measures, as necessary. The
Recommendations Chapters of these Guidelines establish a strategy to minimize the incidental take
of listed salmonids entrusted to NOAA Fisheries.

These Guidelines do not present prescriptive measures that must be implemented by parties engaged
in sediment removal activities. Alternative means of demonstrating compliance with statutory
requirements are acceptable pending review by staff. As such, the language of these guidelines
should not be read to establish binding requirements.

These Guidelines are intended to be used primarily by SWR staff in conducting effects analyses in
response to project proposals in accordance with the Endangered Species Act (ESA). Through
various provisions of the ESA, NOAA Fisheries evaluates the consequences of sediment removal
activities to determine whether and to what extent such activities might impair the ability of listed
species to survive and recover. In meeting its responsibilities under the ESA, NOAA Fisheries
strives to ensure that properly functioning habitat is available to support listed species; these
Guidelines describe the attributes of properly functioning habitat that can be adversely affected by
sediment removal activities. The Guidelines also suggest approaches for designing sediment
removal activities in ways (locations, timing, and methods) that may minimize adverse effects.
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Information from these Guidelines may be incorporated into ESA Section 7 consultations. For
example, terms and conditions contained in an incidental take statement may be based on the
Guidelines recommendations, particularly where site-specific data do not support less conservative
measures.

In preparing these Guidelines, the SWR expects that they will be useful not only to SWR staff in
conducting effects analyses under the ESA, but that the Guidelines will also be helpful to other
federal and state agencies and local jurisdictions, industry, and the interested public. For these
entities, the Guidelines should make it easier to understand how the SWR reaches conclusions on
effects analyses; prepare sediment removal projects that minimize disturbance to properly
functioning habitat; predict the likely outcome of SWR evaluations under the ESA as such
evaluations relate to habitat protection; and devise sediment removal projects and programs that are
consistent with state and federal recovery planning approaches.

SCOPE (Chapter 2)

The types of activities discussed in the Guidelines include commercial sediment production from
terraces, floodplains, and streams, and stream excavation for flood control. Mines from adjacent
floodplains and terraces that may have indirect or delayed impacts on nearby streams are included
because of their potential for affecting salmonid habitat. The entire channel-floodplain system is
important to fluvial ecosystem function and anadromous salmonid health. The range of anadromous
fish habitats specifically addressed by these Guidelines includes all freshwater streams, their
floodplains and associated wetlands and riparian zones. The objectives of these Guidelines are to
provide guidance to SWR staff on the potential effects of sediment removal activities, to recommend
methods that can minimize disturbance from sediment extraction, and where possible, to enhance
areas of diminished habitat value.

BASICS OF NATURAL STREAM FORM AND FUNCTION (Chapter 3)

To understand the effects of sediment removal from freshwater habitats, it is necessary to first
understand fundamental concepts of fluvial geomorphology, the function of natural stream
processes, and the associated salmonid habitat. Channel geometry and geomorphic features within
channels are the products of interactions among stream flow, sediment delivered to the channel, the
character of the bed and bank material, and vegetation. A stream that is free to develop its own
geometry evolves through time to develop a channel shape, dimensions and planform pattern
(together termed morphology) that reflect a balance between the sediment and water inputs, the
stream’s relative energy and the dominant characteristics of the sediments forming the bed and
banks. Self-formed channels also adjust their conveyance capacity so that flow inundates the
surrounding floodplain on average every 1-2 years. Streams in which the channel geometry and
capacity are adjusted in this way are said to be in dynamic equilibrium. The concept of
morphological adjustment towards dynamic equilibrium is fundamental to the theory and
management of stream corridor processes.

Stream channels are highly organized both longitudinally and in planform. Alternate bars, and the
pool-riftle sequences, are the fundamental geomorphic units found in alluvial channels. Mature bars
in undisturbed channels are connected to the adjacent floodplain, having elevations corresponding
to the water surface elevation associated with the bankfull stage. The long profile of the bed of a
natural stream channel usually displays a systematic pattern of alternate deep and shallow units
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termed pools and riffles. Pool-riffle formation can be thought of as a vertical expression of the same
processes that drive meandering in the horizontal plane. Gravel beds within riffles provide
important spawning habitat for anadromous salmonid species. In addition to spawning habitat, the
shallow, swift flows over riffles are also important habitats for numerous species of invertebrates,
many of which are important food sources for salmonids. Coarse riffle substrates are among the
most productive stream habitats, supporting much higher densities of organisms than sandy or
heavily sedimented substrates.

Undisturbed alternate bars deflect low, high-frequency flows around them, thus creating a sinuous
flow pattern at discharges up to high, over-bank flood events. In nature, sinuosity and slope are
adjusted towards achieving dynamic balance between the dominant discharge and the sediment load.
Meanders gradually grow in amplitude and migrate down valley through erosion at the outside of
bends that is greatest just downstream of the bend apex. Bank retreat is, on average, balanced by
deposition at the inside of bends, so that channel width remains about constant.

Channel migration in floodplain riparian communities recruits large woody debris (LWD) to the
channel, adding valuable habitat attributes such as localized bed scour and sediment sorting, cover
and shade, that increases the quality of pool habitats. In general, the health and function of the
stream ecosystem are positively related to the degree of dynamism and topographic complexity of
the stream channels.

The meandering stream channel pattern represents a continuation of the development of sinuosity
as a process of self-regulation of slope and sediment transport to achieve equilibrium. The
convergence and divergence of the stream’s flow field maintain complex topographic and
sedimentary features. Local sorting of streambed materials is related to the local distribution of
stream forces. Undisturbed bars and channel bottoms are typically armored with a layer of large
cobbles that overlies mixtures of finer-grained deposits.

Armoring is especially evident on the heads (upstream end) of bars. The armor layer reduces the
mobility of bed sediment, making bar heads and the channel bottom resistant to high-flow stresses
and providing stability to the channel during flood flows. Areas of heavy armor can provide
valuable fish habitat during high flows because of low near-bed velocity, and productive benthic
habitat whenever inundated. In both altered and unaltered channels, when the balance between bed
material transport and bed mobility is reached, a coarse surface layer “armor” develops on the bar
surface which hinders or prevents erosion.

Pools are an essential habitat element for salmonids. Pools provide a complex of deep, low-velocity
areas, backwater eddies, and submerged structural elements that provide cover, winter habitat, and
flood refuge for fish. During their upstream migrations, adult salmonids typically move quickly
through rapids and pause for varying duration in deep holding pools. Holding pools provide salmon
with safe areas in which to rest when low flows and/or fatigue inhibit their migration.

Pools are also the preferred habitat of juvenile coho salmon and they are an important habitat for
juvenile steelhead. Pools with sufficient depth and size can also moderate elevated water
temperatures stressful to salmonids. Deep, thermally stratified pools with low current velocities, or
connection to cool groundwater, provide important cold water refugia for cold water fish such as
salmonids.

Stream corridors are ecosystems containing the stream channel(s) and adjacent floodplain. Water,
sediment and nutrients, organisms, and energy transfer dynamically between the stream channels
and floodplain. Floods in non-manipulated streams overtop the banks (bankfull flow condition)
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every 1-2 years. Overbank floods transport water, sediment, and nutrients onto floodplain surfaces,
which support ecologically rich riparian forests and calm water habitats for breeding and feeding
of aquatic species. Floodplains retain and absorb flood flows, reducing downstream flood peaks and
in turn providing an important source of shallow groundwater (hyporheic zone) that nourishes the
stream during dry seasons. The dry season flow of streams is the result of water seepage from
floodplain storage and other sources such as springs and tributaries. The quality of the hyporheic
water discharging into streams is high and the temperature is low; which are conditions highly
favorable for anadromous salmonid rearing. Inflowing groundwater can substantially reduce water
temperature in pools during high summer ambient temperatures.

Riparian vegetation provides many ecological functions that are important to salmonids. Vegetative
structure increases hydraulic boundary roughness resulting in relatively lower velocities near the
flow-substrate interface, and it increases channel and habitat stability. These low-velocity zones
provide refuge habitat to salmonids during high-flow events. Many salmonids seek out low velocity
areas close to high-velocity areas in order to optimize foraging and maximize net energy gain.
Structure in the form of large woody debris (LWD), when recruited into the active channel promotes
localized scour, pool formation and is, itself, utilized as cover. The temperature of stream waters at
any given time reflects a balance of heat transfer between the water and the surrounding
environment. Although heat exchange occurs via several processes, direct insolation (solar
radiation) is generally the dominant source of energy input into streams. Riparian vegetation
protects stream temperatures from rising by providing canopy that shades the water and reduces
direct solar radiation reaching the water surface.

EFFECTS (Chapter 4)

The removal of alluvial material from a streambed has direct effects on the stream's physical
boundaries, on the ability of the stream to transport and process sediment, and on numerous
associated habitat qualities. These effects are discussed below and summarized in Table 1.

Sediment removal disturbs the dynamic equilibrium of a stream channel because it intercepts
material load moving within a dynamic system and triggers a morphological response to regain the
balance between supply and transport. Sediment removal may also drive more widespread
instability because the discontinuity in the sediment transport-supply balance tends to migrate
upstream as the bed is eroded to make up the supply deficiency.

Disturbing or harvesting the armor layer of stream channels and bar deposits provides the stream
a readily erodible sediment supply because smaller sized particles are now available for transport
at lower discharge. The new supply of small gravel, sand, and silt derived from the streambed will
be transmitted downstream, where it can adversely affect aquatic habitats. The effects may extend
a considerable distance downstream if the disturbance area is large (several consecutive bars).
Armor layer disturbance for flood safety enhancement can result in transferring the sediment
downstream where flooding will increase in deposition zones.

An undesirable effect of most forms of commercial and flood control sediment removal is reduced
channel complexity and surface topography, either directly or through time due to diminishing
sediment sorting processes that result in a more uniform stream bed. Reduced complexity,
diminished sediment sorting and armor layer development, and reduced topography result in a less
stable channel. Therefore, there is high potential for injury to salmonid embryos in areas of channel
disturbance by sedimentation of the streambed.
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The partial removal (or surface disturbance) of bars can adversely affect salmonid spawning
habitats. Historical spawning gravel deposits can be scoured and swept downstream as the result
of increased shear stresses at riffles. Elevated bed shear stresses can also preclude the deposition
of new spawning gravel supplied from upstream sources. When channel bars are removed, the
channel is effectively widened at low and moderate flows. As a result, gravel particles are more
likely to continue moving across the riffle and to accumulate in pools where the shear stress has been
locally reduced, thus reducing pool depth and its valuable habitat.

Bed sediment intrusion resulting from the excavation of in-channel bars can occur when an altered
bar is initially overtopped and flushed of its fine-grained surface layer. This process, in terms of
increased sediment load, is difficult to detect, especially in streams with high background sediment
concentration. However, the risk of harm to spawning and incubating salmonids in areas within and
downstream of altered bars can be high if reproductive activities coincide with the first winter
storms.

A relatively low velocity sub-layer develops when fluids flow across any surface. The thickness of
the sub-layer is related to the effective height of roughness elements on the surface. Most natural
streams have rough beds created by coarse substrates, comprised of large particles, LWD, and
vegetation along the banks. These features significantly influence flow hydraulics by creating large
effective roughness heights. A basic salmonid strategy is to minimize energy expenditure while
maximizing food input. This is accomplished in undisturbed streams by moving about the rough
surface particles and searching for invertebrates, which are also utilizing the boundary layer
environment. Sediment removal, particularly bar top removal, reduces exposed particle size and
LWD in streambeds. Reductions in roughness height and boundary layer thickness thereby reduce
salmonid habitat by shrinking the area for efficient movement and reducing food sources.

In natural streams, shallow riffles can be temporary migration barriers to upstream migrating adult
salmon and steelhead. Channel stability combined with the shape of the low flow channel and flow
depths govern the extent of the barrier during migration seasons. In addition to reducing stream
depths over riffles (as a result of increasing the width to depth [W/D] ratio), sediment removal
operations can reduce flow-field complexity, increasing current velocities and, thereby forcing
migrating salmonids to expend additional energy from their finite energy reserves. Juvenile
salmonids will also face challenges finding and using velocity refuges during high flows in
simplified, hydraulically smoother channels.

Removal of alternate bars and other streambed features can adversely affect fundamental physical
processes related to pool maintenance. The partial sedimentation of pools during summer low flows
and their subsequent scour during winter high flows are widely recognized seasonal processes.
Removing or altering in-channel bars reduces effectiveness of the convergence and scour
mechanisms that maintain pools. As a result, pool maintenance processes can be significantly
impaired when alternate bars are removed. The implications of impacts to pool formation and
maintenance are considerable. Unless carefully managed, sediment removal projects can degrade
these habitat elements and thereby adversely affect the trophic structure and potential production
of salmonids in the affected watershed.

Aquatic macroinvertebrates are the principal food source for most juvenile salmonids. The diversity
and abundance of macroinvertebrates can be affected by sediment removal operations because they
are dependent upon substrate conditions.

The presence of riparian vegetation adjacent to the low flow channel and within the flood prone area
contributes to morphological stability, habitat complexity, and cover in several ways. Vegetation,
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particularly when it is mature, provides root structure, which consolidates the substrate material and
encourages channel stability that resists erosion forces. By enhancing the form of gravel bars,
vegetation enhances the frictional resistance of the bar that acts to dissipate hydraulic energy. This
decreases the effective channel gradient, moderates flow velocities, and reduces erosion
downstream.

Sediment removal projects often cause the direct or indirect destruction of riparian vegetation along
one or both stream banks in the project area. Annual bar skimming removes riparian vegetation that
may otherwise colonize gravel bar surfaces. In the absence of anthropogenic disturbance, this
vegetation would have the potential to grow and develop through several stages of ecological
succession. Opportunities for colonization and succession of riparian plant communities are limited
for the duration of sediment removal activities and until the bars regain a height where flood flows
no longer annually scour emergent vegetation.

Riparian vegetation can also be adversely affected by the removal of LWD within the riparian zone
during sediment removal activities. LWD often protects and enhances the re-establishment of
vegetation in streamside areas because it influences hydraulics and disrupts sediment transport.
Vegetative structure increases hydraulic boundary roughness resulting in relatively lower velocities
near the flow-substrate interface. These low-velocity zones provide refuge habitat to salmonids
during high flow events. Vegetated bar tops are particularly valuable during floods because the low-
velocity flow-field found at bar top locations is relatively rare in the stream environment. In
addition, many salmonids seek out low-velocity areas close to high velocity areas in order to
optimize foraging and maximize net energy gain.

Ecological energy is typically derived from detritus in streams and is processed by different
organisms in a continuum from larger to smaller particles. Riparian vegetation provides important
nutrient inputs to streams such as leaf litter and terrestrial invertebrates that drop into the stream.
Allochthonous inputs can be the principal source of energy for higher trophic levels in stream
ecosystems. Leaf litter provides the trophic base for aquatic macro-invertebrate communities that
are the fundamental food source for salmonids.

The temperature of stream waters reflects a balance of heat transfer between the water and the
surrounding environment. Although heat exchange occurs via several processes, direct insolation
(solar radiation) is generally the dominant source of energy input into streams. Riparian vegetation
protects stream temperatures from rising unduly by providing canopy that shades the water and
reduces direct solar radiation reaching the water surface.

Sediment removal from bars creates a wider, more uniform channel section with less lateral variation
in depth, and reduces the prominence of the pool-riffle sequence in the channel. Channel
morphology is simplified as a result of degradation following sediment removal. Such losses also
diminish overall habitat diversity. Removal or disturbance of instream roughness elements during
sediment removal activities also diminishes habitat complexity and anadromous fish habitat.
Instream roughness elements, particularly LWD, play a major role in providing structural integrity
to the stream ecosystem and providing critical habitat features for salmonids.

Turbidity is generally highest in streams during the first high flow of the flood season. However,
various instream sediment disturbance or removal actions may increase turbidity caused by
suspended sediment at different time periods. Careful scheduling to avoid inflicting adverse effects
on anadromous salmonids may alleviate most turbidity concerns. Extraction of sediment from wet
stream channels suspends fine sediment during times of the year when concentrations are normally
low and the river is less able to assimilate suspended sediment.
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Sediment removal operations use heavy equipment and need access to sediment deposits.
Interactions with equipment and sediment removal surfaces can be potentially harmful or lethal to
salmonids by several mechanisms. Adult and juvenile salmonids can become trapped on surfaces
with ill-defined drainage. Heavy equipment crossing wet channels, typically at riffles, can crush
juveniles seeking cover in large pores.

The harmful effects of removing geomorphic features from salmon-bearing streams are far reaching.
This document discusses the most important physical processes affected by sediment removal from
stream channels and makes linkages to biological effects relevant to the trust salmon species
(Chapters 3-4). The physical and biological effects discussed are supported by references on site
specific studies as well as general scientific principles (Chapter 7). Therefore, the Guidelines have
general applicability to freshwater salmon habitats. Individual proposed actions should be assessed
using a combination of site-specific information and this Guidance document as background.

To a large extent, channel-forming processes govern the channel morphology and many of the
physical elements of salmonid habitat. All of the geomorphic features found within the channel are
highly influenced by the effective discharge - the flow most effective in the long-term transport of
sediment. Effective discharge is often used synonymously with “dominant discharge”, which is
defined as that discharge of a natural channel that determines the characteristics and principal
dimensions of the channel.

Mature gravel bar features including bar height, armor layer, and replenishment are all determined
by a relatively narrow range of flows centered on the effective discharge. As a result, channel
sinuosity, width to depth ratios, and flow convergence and divergence patterns are all functions of
the sediment features formed within the range of effective flows.

The effective discharge’s influence in defining channel properties has great effect on the physical
processes that influence salmonid habitat development and maintenance. These processes include
formation of suitable spawning gravels, formation and maintenance of pools, development of habitat
complexity, and the formation of velocity refuge components. In the interest of protecting those
habitat elements, it is undesirable for channel disturbance activities to widely alter channel
conditions within the range of the channel-forming (effective) flows.
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Table ES1. Summary of effects of instream sediment removal, and implications for salmonid
habitat. [See Table 3 in Chapter 4.]

Element of Instream Sediment
Removal

Physical Effect

Possible Consequence for
Salmonid Habitat

Removal of sand and gravel from
a location or from a limited reach.

Propogates stream degradation
both upstream and downstream
from removal site.

Loss or reduction in quality of
pool and riffle habitats.

Scour of upstream riffles.

Lower success of spawning
redds.

Reduced pool areas.

Loss of spawning and rearing
habitat.

Bed surface armoring.

Scour or burial of armor layer.

Surface caking or pore clogging.

Lower quality of spawning and
rearing habitat; changes to
invertebrate community.

Removal of sand and gravel from
a bar.

Loss of sand and gravel from
neighboring bars.

Possible loss of riffle and pool
habitats.

Wider, more uniform channel
section, less lateral variation in
depth, reduced prominence of the
pool-riffle sequence.

Surface caking or pore clogging.

More difficult adult and juvenile
migration. Reduced trophic food
production. Lower quality of
rearing habitat.

Removal of sediment in excess of
the input.

Channel degradation.

Deeper, narrower channel.
Dewatered back channels and
wetlands.

Lower groundwater table.

Possible reduction of summer low
flows; possible reduction of water
recharge to off-channel habitat.

Complex channels regress to
single thread channels.

Less habitat complexity.

Armoring of channel bed, may
lead to erosion of banks and
bars.

Or, scour or burial of armor layer.

Less spawning area. Reduced
water quality. Prompt new bank
protection works — reducing
habitat.

Reduced sediment supply to
downstream.

Induced meandering of stream to
reduce gradient. Erosion on
alternate banks downstream.

Armoring of bed, or scour of
armor layer.

Reduced riparian vegetation.
Increased local sedimentation.
Prompt new bank protection
works. Propagate river
management and habitat losses
downstream.

Removal of vegetation and
woody debris from bar and bank.

Reduce shade.

Increase water temperature in
inland, narrow rivers.

Decrease channel structure from
wood.

Possibly reduce cover; reduce
number and depth of pools;
reduce area of spawning gravel;
limit channel stability.

Decrease drop-in food, nutrient
inputs.

Decrease stream productivity.
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RECOMMENDATIONS (Chapter 5)

Land uses, planning, and salmonid conservation and recovery have to be considered at two time-
scales; (1) short-term (up to 3 yrs.), and (2) long-term (> 3 yrs). Sediment removal from within
stream channels can immediately alter channel geomorphology, hydraulics and sediment transport,
and fish habitat. Depending on the scale and method of removal, many of the adverse effects can
last from a few years to as little as one year. However, effects can last for centuries if channel
incision occurs.

The effects of sediment removal should also be considered at two spatial scales; the area of direct
disturbance, and a much larger area that has physical or biological connection to the disturbed area.
Also, the scale of disturbance is related to the larger area of extended effects. Large-scale sediment
removal operations, or the combined effects of multiple operations in a given stream length, can
have far-reaching effects that extend both upstream and downstream for several kilometers.
Therefore, it is recommended that the deleterious effects on salmonids be considered at all temporal
and spatial scales when habitat modifications such as sediment removal or redistribution are
evaluated.

After completing the required jeopardy analysis for Section 7 consultation, it is recommended that
staff follow either the National Gravel Extraction Policy for take avoidance or these guidelines for
minimizing incidental take, as appropriate. Of the various sediment removal activities discussed in
this guidance document, sediment extraction from active stream channels (or redistribution) poses
the greatest risk to salmonids and their habitat. The most effective way to protect, or restore,
anadromous salmonid habitats is by protecting naturally occurring physical processes that create and
maintain fish habitats. Usable habitats can be protected by implementing a combination of two
methods that minimize the disturbance of stream channel habitat: minimize local habitat
modification and limit the volume of sediment extraction to well less than the sediment influx. It
is important that sediment extraction operates at scales that do not intercept high percentages of
incoming coarse sediment supplies. Providing for a positive sediment budget downstream from
extraction sites is a fundamental requirement for the continued ecological function of downstream
habitats.

Because the sediment load intercepted in sediment removal areas the “source” for downstream
reaches, it is recommended that proposed extraction plans allow for pass-through of 50% of the
unimpaired incoming coarse sediment load to maintain downstream habitats. Simply maintaining
a positive sediment budget that supplies coarse sediment for downstream habitat may not protect
geomorphic resources and habitat at the removal sites. Therefore it is recommended that site-
specific habitat, geomorphic features, and physical processes also be protected.

NOAA Fisheries recommends a four-step process for planning and evaluating sediment removal
proposals. The steps are: (1) identify appropriate sediment harvest locations, (2) identify the habitat
needs of the fish species and life stages that either occur or occurred historically, (3) determine the
physical (hydrologic and geomorphic) processes that create or maintain those habitats, and (4) select
an appropriate sediment extraction strategy to protect those habitats and physical processes. Table
2 summarizes the recommended strategies for protecting various stream habitat elements.
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Table ES2. Recommended sediment extraction strategies to protect various salmonid habitat
elements, stream hydrology, and retention of physical processes. [See Table 4 in Chapter 5].

LIFESTAGE

Habitat Element
Required

Related Physical
Processes

Recommended Strategy for
Sediment Extraction

Adult Migration
and
Juvenile Migration

Natural channel
conditions that include
roughness elements,
cover, shade, resting
pools, LWD.

Channel confinement
and flow depth over
riffles.

#1 Partial retention of bar
geometry to provide minimum flow
depth >2-feet over hydraulic
controls (riffles). Free draining
extraction surfaces. Avoid riparian
vegetation. Avoid or replace LWD.

Background levels of
suspended sediment
load In the water column.

Exposure of fine
sediment in the mined
area.

Preventing fine sediment
mobilization from mined surfaces
during fish migration periods.

cover, cool, well-
oxygenated water.

Spawning Stable, suitable spawning | Sediment sorting #2 Partial retention of bar
beds; riffle geometry and | processes that create geometry to maintain sediment
composition at expected | suitable spawning beds. | sorting processes at riffles during
size and frequency. Premature redd scour. | flows up to bankfull or effective
discharge, and negligible increase
in bed scour in spawning-bed
locations during spawning periods.
High water quality in the Mobilization of fine Preventing fine sediment and bed-
column, and in sediment from mined material mobilization from mined
intergravel water. area. Sedimentation of | surfaces during spawning periods.
Background level of bed spawning beds.
material load.
Incubation Stable substrate. Natural | Premature redd scour. #3 Partial retention of bar
and rates of bed material Deposition of sediment geometry to ensure negligible
Emergence transport. Diverse over redds. increase in bed scour, and
patterns of sediment negligible increase in sediment load
sorting processes. or turbidity from mined areas.
Background water quality | Hyporheic flow of Preventing fine sediment and bed-
which supplies oxygen to | oxygen and nutrients to | material mobilization from mined
buried eggs and alevins. | eggs. surfaces during incubation and
emergence periods.
Rearing Pools, food source, Optimal pool-scour #4 Retention of bar geometry to

processes, to connect
pools with water table.
Coarse and clean
substrate. Riparian
health.

bankfull flow or effective flow to
ensure negligible decrease in pool
maintenance process, disturbance
of riparian community, reduction.

Widespread flood control practices remove or redistribute sand and gravel bars from stream
channels. It is commonly argued that instream sediment removal is necessary to control flooding
or bank erosion. Commercial sediment excavation applications often purport to provide secondary
flood control benefits. Yet, there is little credible evidence that the perceived benefits are real or
more than ephemeral. In fact, sediment removal from channels can have the opposite of desired
flood control effects when it is most needed.

Sediment management for flood control objectives should be rigorously evaluated in the context of
comprehensive flood hazard management and stream ecology. This includes developing the
scientific understanding of the history, causes, and future of channel conditions and related factors
that influence flooding. It is recommended that flood control projects also evaluate whether or how
sediment removal or its redistribution affects flooding and how these practices affect other processes

or stream functions.
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EFFECTS OF FLOODPLAIN AND TERRACE PIT MINING (Chapter 6)

Alluvial sediment temporarily stored (in geologic time) in deep deposits within floodplains and
terraces adjacent to streams is often mined for commercial aggregate. Both terraces and floodplains
are used for commercial sediment production activities because of the large volumes of valuable
high-quality material stored in this landscape setting. The potential impacts of mining alluvium
from terraces and floodplains are directly related to the project’s proximity to the adjacent, active
stream channel and the connection with the water table. Pits excavated in floodplains or terraces
are spatially fixed features that, over time, may interact with stream channel migration processes in
dramatic ways. Floodplain and terrace pits are relatively benign as far as salmonids are concerned
until the pit and stream becomes connected, which is a possibility during flood events.

The adverse effects of mining sediment deposits from streamside floodplain or terraces should be
considered at two time scales; immediate effects and delayed effects. Over decade time scales, the
consideration of effects becomes more apparently a question of “when” rather than “if” salmonids
and their habitats will interact with pit mines. The spatial attributes of the pit, its size relative to the
stream and its coarse sediment load, and the proximity of the pit and stream meander belt govern
these temporal considerations in large part.

The adverse effects of removing sediment from floodplains or terraces include chronic temperature
increases, reduced ground water tables and stream flows. Relatively catastrophic effects occur when
streams capture large deep pits. Pit capture often occurs when insufficient space is reserved for
normal stream migration or during floods. Headcutting and widespread channel degradation occur
when large pits are captured. The concerns of floodplain and terrace mining are summarized in
Table 3.

MONITORING AND PERFORMANCE CRITERIA (Chapter 7)

The Guidelines recommend establishing monitoring and performance criteria that adequately
address the range of concerns evaluated for proposed sediment removal actions. Monitoring needs
are related to the relative risks to salmonids and habitat of the proposed project. Appendix 2
presents an example monitoring plan and performance criteria.
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Table ES3. Summary of effects of floodplain and terrace mining, and implications for salmonid
habitat. [See Table 5 in Chapter 6.]

Element of
Floodplain Mining

Physical Effect

Possible Consequence for
Salmonid Habitat

Recommended Design
Considerations.

Clearing or filling of
floodplain
hydrographic
features.

Possible loss of channel
margin complexity, reduced
bank integrity, riparian
functions to ecosystem.

Loss of off-channel
overwintering and refugia
habitat.

Maximize distance from
stream to minimize
impacts.

Persistence of pits in
time, and need to
maintain existing or
install new bank
protection.

Possible narrowing and
simplification of channel; loss
of gravel recruitment from
banks; reduced recruitment of
large woody debris from
banks.

Reduction in total amount of
habitat; possible reduction in
spawning habitat; effects of
reduced wood recruitment.

Maximize distance from
stream, design berms to
minimize occurrence.
Implement fish rescue.
Prevent colonization by
exotic species.

Potential for
uncontrolled
breaching of pit by
river.

Potential for rapid upstream
and downstream bed scour,
channel abandonment,
change in stream
morphology, water
temperature, and ecology.

Short- and long-term changes
to types, amount, and quality
of habitat. Release of exotic
species to stream.

Design to prevent capture
during rare floods, and
allow for long-term
meander of stream.
Minimize occurrence, or
use wet mining methods.

Presence of lakes
near channel.
Pumping of water
from lakes.

Possible effects on flow,
temperature, chemistry, or
biota of hyporheic
groundwater, or the patterns
and locations of groundwater
and channel water exchange.

Reduced stream flow,
increased water temperature,
reduction in trophic food
quantity/quality.

Maximize distance from
stream to minimize
impacts, or use wet mining
methods.

End of Executive Summary
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1 INTRODUCTION

The National Marine Fisheries Service (NOAA Fisheries) is responsible for protecting, managing,
and conserving marine, estuarine, and anadromous fish resources and their habitats. NOAA
Fisheries” Southwest Region administers the Endangered Species Act (ESA) as it relates to three
listed species of salmonids (Chinook salmon, coho salmon, and steelhead trout), whose range
includes 10 evolutionarily significant units (ESU’s), that have been listed as either threatened or
endangered with extinction. A Regional guidance document for instream sediment removal is
appropriate, because such activities have the potential to adversely affect all life stages of listed
salmonids and because sediment removal activities are widespread in streams of California.

Stream channel dimensions and forms are a function of stream discharge and the production,
transport, and deposition of sediments within a watershed (Leopold et al. 1964; Schumm 1977).
Removal of a stream’s bedload disrupts the sediment mass balance and can alter a stream channel’s
geometry and elevation. From geomorphic principles, we can predict that sediment removal should
induce relatively predictable channel responses and corresponding changes to riverine habitats. This
Guidance document identifies the potential effects of sediment removal on freshwater habitats for
Federally listed threatened and endangered salmonid species, and it provides recommendations and
guidance for the evaluation, design, and monitoring of sediment removal activities in California
streams.

The scientific literature documents that instream gravel mining operations and salmonids are often
attracted to the same locations. This is due to geomorphic controls on sediment deposition (Stanford
et al. 1996) and grain sorting processes (Dauble and Watson 1990) that concentrate clean gravel
useful to both fish and humans. Indeed, commercial gravel extraction targets particle sizes preferred
by spawning salmonids (Bates and Jackson 1987). Consequently, commercial gravel extraction can
selectively reduce the availability of spawning-sized gravel in river channels (Kondolf 2000).

The effects of instream gravel mining and channel maintenance have been widely recognized as
potential impacts to aquatic resources. Many states have implemented strict regulations, including
the prohibition of instream sediment removal, for the protection of fishery habitat and geomorphic
integrity (e.g., Vermont, Maryland, Arkansas, Texas, and Illinois). Other states (e.g., Maine,
Wisconsin, and New York) have implemented rigorous planning and monitoring measures as
requirements for obtaining permits, with resulting curtailments in removal of instream sediment
(Table 1).

Various environmental problems discovered after the much longer histories of anthropogenic
channel manipulation and sediment removal have prompted many European countries to ban
instream sediment removal altogether (Kondolf 1997, 1998). The long-term environmental costs
of sediment removal from streams far outweighed the short-term economic benefits from extraction
of public trust resources. It has become apparent that flood-control, sediment removal, and
engineering works have to take into account the complex responses of stream channels to actions
such as channelization, land use changes and changes to sediment load, flow regulation, and stream
bank protection. The US Department of Transportation (US-DOT) issued notice in 1995 to state
transportation agencies, including CalTrans, that federal funds will no longer be available for the
repair of bridges damaged by nearby sediment removal operations. New Zealand has implemented
strict controls on instream sediment removal to protect its salmonid habitat resources. Regulations
governing stream sediment removal in various foreign countries are summarized in Table 2. The
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aggregate industries in these countries are developing new methods of producing aggregate materials
from hard rock quarries, and concrete and pavement recycling, to replace stream-derived resources.

Sediment removal remains a major activity that continues at great rates in several California coastal
streams. Almost all of the approximately 100 million cubic yards of construction aggregate
produced annually in California is derived from streams and floodplains (Carillo et al. 1990;
Tepordei 1992). This rate of extraction from alluvial deposits exceeds estimated sediment yield
from watersheds in the entire state of California by an order of magnitude (Kondolf 1995).
Additionally, millions of cubic yards of stream sediment are frequently disturbed, redistributed, or
removed from California streams for flood control and navigation purposes.

In California, some instream gravel mining practices are less aggressive than they were in previous
years. Only a few decades ago, dredges excavated deep pits that caused widespread channel
degradation, tributary incision, and habitat loss (Collin